Industry now requires interdisciplinary and creative thinking skills because of a paradigm shift in target markets. Therefore, modern engineering education should focus on developing students' innovative thinking for solving engineering problems and design courses to foster students' creativity, critical thinking, and ability to transfer their skills. This study employed the widely used Moodle learning platform for courses on computer science and engineering. Appropriate guidance from the platform regarding the different objectives of five project stages enabled group members to communicate, exchange, and interact, and the students gradually developed their thinking from divergent to convergent. Through deep analysis of the students' learning portfolios, the effects of cognitive concepts, personal motivations, and personal characteristics on creativity were investigated. Moreover, this study further explored three issues regarding the differences between highly and lowly creative students so that teachers could employ appropriate teaching resources or assistance. The findings of this study can help teachers provide timely guidance and responses to students. Fostering students' creative thinking and unleashing their imagination thus develops their capacity for innovation, which is now essential in engineering education.
Introduction
Competitive market structures are changing, and industry is gradually demanding an increasingly large number of cross-disciplinary and innovative employees. Therefore, engineering education should, in addition to teaching traditional skills, also focus on training students in the ability to solve engineering problems innovatively. Creative thinking and an integrated curriculum can be used to develop students' creative thinking, critical reflection, and adaptation skills.
Creativity education curricula have traditionally differed because there are different opinions and explanations among educators about the definition of creativity. Some consider creativity as the ability to invent, whereas others classify creativity as divergent thinking or even imagination 1 . In short, creativity is the ability to create and to innovate and is a characteristic and an ability of creative people 2, 3 . When evaluating creativity within education, projects completed by students are usually used as the evaluation criterion, and the process, environment, and characteristics of creativity themselves are rarely explored or analyzed. Although some studies on the subject have been performed, the majority have only defined or probed the development of creative thinking from a single dimension.
All current learning management platforms collect digital learning portfolios. The biggest advantage of digital process records is the ability they offer to integrate different digital information and record and present data in varied ways. The environment and conditions necessary to stimulate creativity are clearly indicated by the dynamic and authentic records and analyses of learning portfolios. Detailed portfolio analyses and discussions regarding structured contents can enable the discovery of associations and factors that encourage creativity. Therefore, if the learning platform can be integrated into the creativity education curriculum, rich data regarding the development of creativity can be explored through the diversified learning portfolio records. Using structured analyses, the behavior and characteristics of the students' creativity development can be effectively identified, facilitating research into creativity process and behaviors.
Motivation has always been considered one of the most crucial personality traits related to creativity 4 . Creative people can always devote themselves single-mindedly to creative work. High-level motivation can thus easily lead to creative behavior 5, 6 , and other personality traits have also been demonstrated to affect the development of creativity. Smith, Michael, and Hocevar discovered that in a stressful environment, individuals inhibit their mathematical creativity in addition to their divergent idea generation 7 . Dollinger and Clancy reported that each of the big five personality traits (openness to experience, neuroticism, extraversion, agreeableness, and introversion)
were involved with the presentation of creativity 8 .
Considering these factors, this study introduced the Moodle learning platform into computer science and engineering courses. The platform progressively helped team members to communicate, exchange, and interact and offered appropriate guidance for the goals of the five stages of the project. Team members were guided toward divergent thinking as a means of resolving difficulties during group discussions. The students' learning portfolios were recorded in the back-end database. This study collected, analyzed, and explored these learning portfolios to clarify and understand the effect of cognition concept connections, personal motivation (work preference), and personality traits (achievements, goals and problem-solving styles) on creativity development factors and conditions. Then, a more detailed analysis was conducted on these three dimensions to identify the major differences between highly and lowly creative people and hence provide teachers with appropriate teaching resources and counseling. The overall analysis results can be used to follow-up the courses' teaching efforts and provide real-time feedback in an effort to enhance students' idea generation skills, strengthen their connection between creativity and imagination, and consequently increase their innovation skills.
Learning System
This study is based on the results of previous related studies. The Moodle learning platform was adopted, using which users interacted with the platform through web pages. A modular architecture was employed, and modules were divided into core modules and plug-in modules. When adding new features, Moodle plug-in modules were used to connect the new module to the original core module. Moodle has different types of plug-in modules, and this study used the Activity Module to meet the study's teaching design, which employed project-based learning (PBL) and the SCAMPER teaching strategy. The web servers used Apache and PHP syntax, whereas the database was a MySQL relational database. A remote video conferencing suite (JoinNet) was installed on the Moodle learning platform to support synchronous and interactive discussions among students. Thus, the students could access a wide range of learning tools for subject exploration and peer interaction, all on a single interface.
In addition, all interactions and conversations between students were recorded on a back-end database for follow-up analysis and research.
The system interface and functions were planned and designed based on the stages of the corresponding course's teaching strategy. The system interface is presented in Figure 1 . It encompasses all the basic functions provided by most learning platforms, such as calendar reminders, a discussion forum (asynchronous), video conferencing (synchronous), homework hand-in capability, and feedback and evaluation provision.
A particular feature of this learning platform was that it was divided into five stages in accordance with the introduced PBL and SCAMPER teaching strategies: preparation, implementation, presentation, evaluation, and revision. At each stage, students could use the activity modules provided by the system to complete tasks and discuss relevant topics. The diverse learning tools and real-time activities on the platform could effectively assist the students achieve high grades in the project tasks. Through participation and investment in the activities, discussions within and between groups was encouraged, creative thinking was developed, and diverse idea generation was fueled, thereby providing the students with advanced cognitive learning skills. The participants in this study were 52 juniors taking courses (1) and (2) on computer science and engineering from the engineering college of a national university in Taiwan. Thirteen groups of four students each were created. Each student progressively completed PBL and SCAMPER activities using instructions and guidance supplied on the Moodle learning platform. Various functions and tools of the platform facilitated exchanges and discussions between the groups. Interactions between the groups stimulated students' different ways of thinking and characteristics and exercised team members' imagination, reasoning, and problem-solving skills. To ensure that each group of students executed the projects to the best of their ability and made an attempt to learn from the activities, their results from this experiment were included as part of their academic grade in that semester.
Experimental procedure
Courses (1) and (2) on computer science and engineering projects were delivered in two semesters, spanning over 18 weeks, and two lessons were given each week. The experimental procedure is illustrated in Figure 2 . In the first week of the first semester, teachers explained to students the goals of the course and the process and personality traits and performance after they had participated in PBL and SCAMPER teaching strategy activities.
(2). Discussion contents
The associative theory proposed by Mednick emphasized the importance of ideas and held that the essence of creative thinking was the connection of seemingly unrelated concepts 9 . Consequently, this study analyzed cognitive concept connections using the students' discussion forms (asynchronous) and video conferencing records (synchronous). First, the CKIP Chinese word segmentation system was used to convert the original text into numbers 10 , and then a support vector machine (SVM) was employed to classify the discussions. Next, k-means clustering analysis was used to examine the cognitive concept connections and frequently used keywords that arose during discussions between highly creative and lowly creative students.
(3). Personal motivations
The key creativity motivators were enthusiasm for the work itself and the pleasure brought by the work. Thus, high-level motivations prompted creation behaviors 11 .
This study quoted and revised the Work Preference Inventory (WPI) proposed by Amabile et al. to evaluate students' internal and external motivations for learning contents 12 . The WPI judged the participants' psychological motivations for the target job content using components of internal and external motivations.
(4). Personality traits
All personality traits are associated with creativity 13 . To probe the relationship between personality traits and creativity, this study adopted two questionnaires. The first concerned definitions of achievements and goals and was revised based on the contents of Elliot and McGregor 14 . The second concerned problem-solving styles.
These questionnaires were then analyzed to understand whether the students preferred intuitive or systematic solution types when facing and solving problems.
Research Results

Analysis of the TTCT
The TTCT comprises three activities, each of which lasts for approximately 40 minutes, and the test result scores can be divided into five dimensions. The analysis results of the pretest and posttest are presented in Table 1 . The students demonstrated significant differences in fluency, abstractness of the title, elaboration, and resistance to premature closure comparing pretest with posttest, after the PBL and SCAMPER teaching strategy activities. The results revealed that the progressive guidance and diverse interactions and exchanges on the learning platform encouraged the students' thinking to be efficient and their ideas more diverse. During cognition, the students acquired the ability to discern the nature of core problems, analyze, and evaluate. Additionally, they could adopt an attitude that was open-minded and promoted rigorous thought, understanding various messages and the perspectives of different parties. The discussion content was classified into two major groups according to the highly and lowly creative groups, as illustrated in Figure 3 . The clustering results revealed that the most crucial keywords used during the discussions of the highly creative group were server, discussion, online, function, report, and framework. Therefore, the discussion content of the highly creative students was specific and concerned results, reports, and system building. By contrast, the most crucial keywords used during the discussions of the lowly creative group were teacher, IP, time, possible, and information. These keywords revealed that their discussions were passive and their interactions were superficial and abstract. Instructors can use these analysis results to effectively understand students' discussions and offer timely assistance and guidance.
Analysis of personal motivations 
Analysis of personality traits
The questionnaire about achievements and goals was revised based on the study of Elliot and McGregor and consisted of 13 items 14 . The definitions of achievements and goals were divided into four categories: performance-approach, performanceavoidance, mastery-approach, and mastery-avoidance. According to the results presented in Figure 5 , the highly creative students were more likely to take risks and make an attempt, to pursue constant self-growth, and to demonstrate their skills by outperforming others. By contrast, the lowly creative students avoided acquiring deeper knowledge so as to avoid making mistakes and were less ready to demonstrate their skills to the public, which may have degraded their public image and led to accusations of incompetency. The questionnaire about problem-solving styles, including 13 items, primarily explored whether the students preferred intuitive or systematic solution types when facing and solving problems. According to the results presented in Figure 6 , the highly creative students preferred to solve problems in an intuitive way, tended to consider information from different perspectives when processing it, were willing to spend extra time investigating the relationships between different areas, and also actively sought new problem-solving methods. Regarding systematic solution types, there was little difference between the highly and lowly creative students. From the records of observations and discussions, it was concluded that the students were affected by the teaching methods used in their country and culture, preferring the use of familiar techniques, methods, and procedures. Additionally, they were also discovered to comply rigorously with established routines of project completion. Performance-approach Mastery-avoidance Mastery-approach Performance-avoidance
Low High
Therefore, there were no differences concerning systematic problem-solving styles between the highly and lowly creative students. curriculum design so that they produce cross-disciplinary and highly creative individuals who are able to solve problems. Therefore, how to provide students with appropriate courses and activities and how to hone students' innovation skills has become a focus of engineering education.
In most courses, completed projects are generally used to evaluate students' creativity, or creativity is only developed from a single perspective. Few studies have analyzed the development process, environment, and characteristics of creativity. If the value of creativity could be investigated through records of students' project completion strategies, this would contribute to the research into creativity and behavior guidance. Therefore, this study used Moodle as a learning platform and introduced PBL and SCAMPER teaching strategies as the base. The platform enabled group members to communicate, exchange, and interact while completing each of the five project stages. The effect of cognitive concept connections, personal motivation, and personality traits on creativity development was investigated using the collected and analyzed data.
According to the results of the TTCT, students had more diverse ideas for projects and could take an attitude that was open-minded and promoted rigorous thought after taking part in PBL and SCAMPER teaching strategy activities. Analysis of the cognitive concept connections indicated that the discussions of the highly creative students were more specific and less superficial than those of the lowly creative students. Additionally, the statistical results of the WPI questionnaire revealed that the highly creative students were more willing to accept work challenges and had higher internal and external motivations than the lowly creative students. Personality trait questionnaire analysis indicated that highly creative students were more likely to take risks and make an attempt, to pursue constant self-growth, and to actively seek new problems and solutions from different angles. By contrast, lowly creative students
were less willing to demonstrate their skills to the public and generally sought solutions for problems using known techniques. The analysis results of the different dimensions suggested that the majority of highly creative students were willing to actively look for, probe into, and analyze information and to share, exchange, and discuss with others through the learning platform. Consequently, their curiosity and thirst for knowledge were greater, driving them to imagine, reason, contemplate, and resolve problems. Such learning behaviors are creative thinking skills, similar to the research conclusion made by Collette and Chiappetta 15 .
This study was part of a three-year program that is still underway. In this study, a preliminary analysis and understanding of students' creativity analysis, cognitive concept connections, personal motivations, and personality traits after students participated in PBL and SCAMPER teaching activities on the platform was performed. In the future, in-depth exploration and analysis of the relevance of each dimension will be performed. Moreover, student learning behaviors, cognitive style, cognitive load, and learning anxiety will be evaluated and examined.
